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Different avian bornavirus (ABV) genotypes have recently been detected in psittacine birds with pro-
ventricular dilatation disease (PDD), an inflammatory fatal central and peripheral nervous system
disorder. An indirect immunofluorescence assay (IIFA) for intra vitam demonstration of ABV-specific
serum antibodies was established since reverse transcription-PCR (RT-PCR) assays may not detect all
ABV variants.

Proventricular dilatation disease (PDD) is a fatal worldwide
disease of psittacines characterized by lymphoplasmocytic in-
filtration of the ganglia of the central and peripheral nervous
system, leading to neurological signs, gastrointestinal dysfunc-
tion, and wasting. A viral etiology has long been suspected.
Recently, different genotypes of avian bornavirus (ABV), a
new species of the family Bornaviridae, were identified in
psittacines that died from PDD (4, 6, 7, 11, 13). The first
experimental data support the etiological role of ABV (2).
Intra vitam diagnosis of ABV infection is possible by reverse
transcription-PCR (RT-PCR) using crop and cloacal swabs (1,
7). However, due to the heterogeneity of the ABV strains (1,
14), existing PCR protocols may not detect all ABV variants
and enhance the need for suitable diagnostic completion.
Therefore, the aim of this study was to establish a further
reliable tool for intra vitam diagnosis of ABV infection in birds
with and without clinical signs of PDD.

An indirect immunofluorescence assay (IIFA) was estab-
lished and validated for the detection of ABV-specific serum
antibodies. Methodological adequacy was confirmed by simul-
taneous isolation of infectious virus and detection of viral
RNA, viral proteins, and typical histological lesions in six spon-
taneous PDD cases. The IIFA was adapted and modified using
previously published protocols (8). Briefly, starting with a di-
lution of 1:10, doubling dilutions of sera were incubated on
slides with acetone-fixed Madin-Darby canine kidney (MDCK)
cells (CCL34; ATCC) persistently infected with Borna disease
virus (BDV) H1766 (horse strain). After incubation for 30 min,
cells were exposed for another 30 min with a fluorescein iso-
thiocyanate (FITC)-conjugated goat anti-avian IgG (Bethyl
Laboratories, Inc., Montgomery, TX) for visualization of bind-
ing of ABV-specific immunoglobulins to virus antigens. Sera
containing ABV-specific antibodies caused a brilliant granular

fluorescence in the nucleus of the BDV MDCK cells (Fig. 1).
All six birds displayed antibodies against ABV, with titers
ranging between 1:160 and 1:20,480 (Table 1). Specific-patho-
gen-free (SPF) chicken serum and 16 sera of an aviary without
PDD history and of one Amazon parrot with intoxication
(Ps21) (Table 1) served as negative controls. The specificity of
the IIFA was confirmed by a lack of specific fluorescence with
the use of the control sera. Besides, the quail cell line CEC32
(5, 15), which is persistently infected with the ABV isolate
Ps22, was also used for the IIFA. About 90% of the cells were
infected, leading to comparable levels of brilliant granular flu-
orescence of the nucleus with exposure to the sera from the six
PDD cases (Fig. 2). The titers obtained with BDV MDCK cells
and ABV CEC32 cells were comparable.

In the six ABV-seropositive psittacines, ABV infection was
further confirmed by different approaches (Table 1). The in-
fectivity assay was performed as described previously (8), using
CEC32 cells as indicator cells. From all six psittacines, infec-
tious ABV was isolated from the brain (infectivity titers of 103

to 107 50% infective doses [ID50]/ml). ABV RNA was detected
in four of the six birds by real-time RT-PCR (1) and in the
other two cases by applying a conventional RT-PCR protocol
(1). Immunohistological analysis was performed by the avidin
biotin complex (ABC) method using a rabbit antibody specific
for BDV phosphoprotein (3). The presence of viral antigen
was demonstrated in the brain, spinal cord, retina, myocard,
proventriculus, and gizzard. Histopathologically, in all six
psittacines characteristic PDD lesions consisted of nonpuru-
lent meningoencephalitis, myelitis, neuritis, myocarditis,
and/or ganglionitis in the gastrointestinal tract (9).

The IIFA was validated and applied for intra vitam detection
of ABV-specific antibodies by using serum and swabs (crop
and cloaca) from 77 psittacines from flocks with PDD history
but no present clinical signs. Sera were tested by IIFA, and
swabs were analyzed by real-time RT-PCR or by an additional
standard RT-PCR (1). In total, 35/77 psittacines (45%) exhib-
ited ABV-specific antibodies. The titers ranged from 1:10 to
1:40,960. ABV RNA was amplified in 28/77 psittacines (36%),
and in 64% of them (18/28), ABV-specific antibodies were also

* Corresponding author. Mailing address: Institute of Virology, Justus-
Liebig-University Giessen, Frankfurterstr. 107, Giessen 35392, Ger-
many. Phone: 0049-641-9938361. Fax: 0049-641-9938359. E-mail:
Sibylle.M.Herzog@vetmed.uni-giessen.de.

� Published ahead of print on 14 April 2010.

2282



detected. ABV-specific antibodies were present in 34% of the
49 ABV RNA-negative birds (17/49).

Due to the increasing impact of PDD in psittacines and
probably also for other birds (12), reliable intra vitam diagnosis
of ABV infection represents a challenging approach. To date,
the precise time course of infection, the concurrent clinical
disease, the role of the virulence of different ABV genotypes,
the route of infection, and the susceptibility of psittacine spe-
cies are unknown. Nevertheless, reliable tools for intra vitam
diagnosis of ABV infection even in birds without clinical signs
of PDD are urgently needed. Therefore, an IIFA for the de-
tection of ABV-specific antibodies that based on the cross-
reactivity of psittacine antibodies with mammalian BDV anti-
gens and binding to ABV antigens was established. Its accuracy
was proven by simultaneous detection of viral RNA and viral
proteins and isolation of infectious virus in six spontaneous
PDD cases. This is similar to what was observed for clinically
overt Borna disease (BD) in horses where BDV-specific anti-
bodies regularly coexist with viral proteins and RNA in the
central nervous system (CNS) (3, 10). However, seroepidemio-
logical data indicate that equine BDV infection mostly runs a
nonobvious course (10). If this is similarly true for ABV infec-
tions, these infections have to be investigated by extensive

serological surveys of psittacine flocks by use of a reliable test
system applicable also for large numbers of serum samples.
Therefore, our ABV-specific IIFA was initially tested under
field conditions using sera from 77 psittacines from flocks with
PDD history. ABV infection was confirmed by different RT-
PCR approaches using crop and cloacal swabs. The results
clearly indicate that the IIFA is an appropriate serological test,
as shown by the presence of specific serum antibodies in 64%
of ABV RNA-positive birds (18/28) and in 34% of ABV RNA-
negative psittacines (17/49). Due to the genetic variability of
ABV species, the currently available PCR assays might not be
able to detect all ABV genotypes. ABV RNA might also not be
present in swabs at all time points of sample collection. Thus,
the IIFA represents a suitable alternative for diagnosis of ABV
infection in live birds. In 13% of the psittacines (10/77), only
ABV RNA was found in the swabs, probably due to sample
collection at an early phase of the infection. Comparable re-
sults were obtained in a recent serological study using an ABV-
specific Western blot assay (12). In general, many psittacines
seem to be infected with ABV without clinical signs, which is
comparable to what was observed for the prevalence of BDV-
specific antibodies in healthy horses and to what was observed

FIG. 1. Indirect immunofluorescence assay for demonstration of
ABV-specific antibodies, using BDV-infected MDCK cells. Note the
brilliant granular fluorescence in the nucleus. Bar, 50 �m.

TABLE 1. Demonstration of ABV-specific antibodies, infectious virus, ABV RNA, ABV antigen, and
histopathological lesions characteristic of PDD

Bird
designation Common name Scientific name Antibody titer

Result fora:

HistopathologyVirus
isolation RT-PCR IHC

Ps7 Blue-headed parrot Pionus menstruus 1:10,240 � � � PDD
Ps8 African gray parrot Psittacus erithacus 1:20,480 � � � PDD
Ps19 African gray parrot Psittacus erithacus 1:160 � � � PDD
Ps23 Eclectus parrot Eclectus roratus 1:10,240 � � � PDD
Ps33 African gray parrot Psittacus erithacus 1:2,560 � � � PDD
Ps35 Greater sulfur- crested cockatoo Cacatua galerita 1:20,480 � � � PDD
Ps21 Amazon parrot Amazona sp. �1:10 � � NT

a IHC, immunohistochemistry; NT, not tested.

FIG. 2. Indirect immunofluorescence assay for demonstration of
ABV-specific antibodies, using ABV-infected CEC cells. Note the
brilliant granular fluorescence in the nucleus. Bar, 100 �m; insert,
50 �m.
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for preliminary avian studies (7, 10). In summary, analysis of
ABV-specific serum antibodies combined with detection of
ABV RNA in crop and cloacal swabs represents the current
method of choice for reliable intra vitam diagnosis of ABV
infection.
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